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1. OVERVIEW

1.1 INTRODUCTION

Following the Solar Max Repair Mission (SMRM) and with the rise in solar
activity heralding the onset of cycle 22, interest in exploring high-energy solar phe-
nomena with the Solar Maximum Mission X-Ray Polychromator (SMM-XRP) has
continued to increase. This has been an unprecedented opportunity to improve and
extend the XRP solar data sets and to compare coronal conditions and flare types
throughout a complete solar cycle. Analysis of these data are presently under way
at the Experimenters’ Operations Facility (EOF), the three home institutes of the
XRP experiment teams, and at many other places around the world where solar
physicists are sharing this resource.

The objective of the XRP experiment is to study the physical properties of
solar flare plasma and its relation to the parent active region in an attempt to better
understand the flare mechanism and related solar activity. Observations have been
made to determine the temperature, density, and dynamic structure of the coronal
plasma as a function of wavelength, space, and time. The XRP has also determined
the temperature and density structure of active regions and flare-induced changes
in these regions.

In 1984 the XRP team set a goal of achieving 35 specific scientific objectives
in anticipation of the SMRM. In the following four years we gathered data on
most of these priority sequences, despite operating under solar minimum conditions

most of the time (see Figure 1-1). Several of these objectives have been successfully
concluded, but often the data have led not only to new scientific results but also

to additional questions that require even more sophisticated observations by the
XRP. Usually, we have attempted to make a particular type of observation under
different conditions (e.g., disk location, flare intensity, temperature extremes), to
assess the effects of different geometries, energy densities and initial conditions. We
have learned (i) how to improve the observing modes of the two XRP instruments
to enhance scientific return, and (ii) how to extend the range of the phenomena that
can be studied. Our experience, in conjunction with vigorous collaborations with
other SMM instrument teams, formal SMM guest investigators, and other members
of the solar community (informal guest investigators), has led us to identify an
ever-increasing list of scientific goals for the XRP.

The SMM was designed to make coordinated observations of the Sun simul-
taneously at a number of different wavelengths. The best scientific return from
XRP has been obtained when used in collaboration with other SMM instruments

1-1
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Figure 1-1. Sunspot number and 10 cm Flux variations from the launch
of SMM to present. Note that solar minimum conditions prevailed from
June 1984 until October 1986; since then there has been a rapid increase
in both indexes heralding the onset of solar cycle 22.

and ground-based observatories (VLA, SPO, Clark Lake, etc.). One of the XRP
team’s highest priorities has been to continue this type of collaborative work. New
XRP observations and the analysis of existing data will contribute to planning and
defining the science objectives of future solar projects, in particular Solar-A and

SOHO.

Another priority that we set in 1984 was to increase the spectroscopic data base
from the FCS. In the first year of operations (1980) we obtained only four spectral
scans from the FCS, an instrument designed primarily to be a spectrometer. The
SMRM afforded an opportunity to rectify that situation as we came to understand
the problems with the crystal drive mechanism which limited its use in 1980. Since
the SMRM we have obtained over 400 new spectral scans (see Figure 1-2) which
represent a wealth of information on the soft X-ray spectrum of the corona under
a wide variety of conditions (from coronal holes to X flares!).

The purpose of this report is to summarize the range of new, exciting observing
and analysis programs that we have accomplished with the XRP instruments during
the decline of solar cycle 21 and the rise of the solar cycle 22. The document is

1-2



1.2 XRP INSTRUMENT DESCRIPTION
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Figure 1-2. The yearly total numbers of spectroscopic scans run by the
FCS. Comparing this to Figure 1-1 shows how we have learned to use the
wavelength drive more efficiently even in the face of relatively low solar
activity. The shaded area shows the number of spectroscopic scans run
during flares.

divided into several sections. In §2 we describe XRP operations and its current
status. This is meant as a guide on how the instrument is used to obtain data
and what its capabilities are for potential users. The science section following (§3)
contains a series of representative abstracts from recently published papers on major
XRP science topics. It is not meant to be a complete list but illustrates the type
of science that can come from the analysis of the XRP data. There then follows a
series of appendixes that summarize the major data bases that we have available.
Appendix A is a complete bibliography of papers and presentations produced using
XRP data. Appendix B lists all the spectroscopic data accumulated by the FCS.
Appendix C is a compilation of the XRP flare catalogue for events equivalent to a
GOES C-level flare or greater. It lists the start, peak and end times as well as the
peak Ca XIX flux.

1.2 XRP INSTRUMENT DESCRIPTION

The primary objective of the XRP is to study the physical conditions in the

1-3
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corona for a variety of solar phenomena. This is achieved through the use of
two complementary instruments (see Figure 1-3): the Bent Crystal Spectrometer
(BCS), which continuously monitors the spatially integrated high-temperature flux
from flares, and the Flat Crystal Spectrometer (FCS), which can image an area of
< 7 arcmin square with approximately 15 arcsec spatial resolution in seven bright
spectral lines simultaneously or make rapid scans over a wide wavelength range
or at high resolution across individual line complexes. The XRP has data during
the peak of the solar cycle (February to November 1980) and during its decline
(following the in-orbit repair of SMM, starting 24 April 1984).

Rl Pitch

+X +Z FCS instrument Crystal drive (upper)

Yam Collimator " Primary structure

+Y
Alignment

hermal shield sensor Detector-gas system

lnstrument supporl

plate

Raster drive

Delectors

Cryslals

BCS instrument
Collimator

X-ray polychromalor

Figure 1-3. Schematic of the FCS and BCS Instruments.

The BCS has eight bent Bragg crystal spectrometers with position-sensitive
detectors. It is collimated to 6 arcnin FWHM and is capable of changing its time
resolution from 11 s to <0.5 s by using dynamic memory and sacrificing spectral
coverage or resolution. The BCS is sensitive to the high-temperature (T, > 107 K)
component of the flare plasma; the data are used to determine electron temperature,
emission measure, and the dynamics of the plasma. The basic parameters of the

BCS are listed in Table 1-1.
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1.3 XRP SUPPORT TO THE SOLAR COMMUNITY

Table 1-1. BCS Characteristics

Channel Ion Stage Wavelength Peak T, Resolution
Number (A) (10° K) A/6A

1 Ca XIX 3.165 - 3.231 35 3463

2% Feinner 1.928 - 1.945 2 11206

3 Feinner 1.839 - 1.947 2 4075

4 Fe XXV 1.840 - 1.984 50 3967

5 Fe XXV 1.866 - 1.879 50 8937

6 Fe XXV 1.854 - 1.867 50 8937

7 Fe XXV 1.842 - 1.855 50 8911

g* Fe XXVI 1.769 - 1.796 60 7005

* Channel only has data for 1980

Table 1-2. FCS Characteristics

Ion Wavelength Peak T. Crystal Scan Extent Resolution = FOV

Stage (A) (10¢ K) (A) (A/6X) (arcsec)
O VIII 18.969 3 KAP 13.1 -22.4 997 16
Ne IX* 13.447 4 Beryl 10.5-14.9 2300 15
Mg XI 9.169 6 ADP 7.3 -10.1 8140 14
Si XIII 6.649 10 Quartz 49- 7.6 5500 14
S XV 5.039 16 Quartz 3.6 - 5.8 10300 13
Ca XIX* 3.173 35 Ge 2.3 - 3.6 5170 14
Fe XXV 1.850 50 Ge 1.4- 21 25100 14

* Channel no longer operational

The FCS has seven Bragg crystal spectrometers that can be scanned in wave-
length over a broad spectral range. At the “home position” of the wavelength drive,
each channel can monitor the emission from a prominent soft X-ray line. The FCS
is sensitive to a wide range of temperatures (2 x 10° K < T, < 7x 107 K) and hence
can detect everything from quiet-Sun features to flares. By scanning its wavelength
drive, the FCS can access an even wider range of soft X-ray lines (see Figure 1-4)
and measure Doppler broadenings and shifts. The FCS isolates specific areas in the
corona for study by using its narrow collimation. The detailed characteristics of the
FCS channels are listed in Table 1-2. For further details of the XRP instrument
design and operational capabilities, see Acton et al., Solar Physics 65, 53, 1980.

The XRP was built by a consortium of three groups: Lockheed Palo Alto
Research Laboratory, Mullard Space Science Laboratory, and Rutherford Appleton
Laboratory. Research carried out using XRP data is mainly supported by NASA
contracts, UK-SERC grants, and the Lockheed Independent Research Program.
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Figure 1-4. The principal soft X-ray lines observable by the FCS in each
of the seven channels. Note the location of the “home position” where a
strong resonance line is observed in each channel simultaneously.

1.3 XRP SUPPORT TO THE SOLAR COMMUNITY

The XRP has acted as a planning and launch support instrument for all of the
SPACELAB missions, various rocket-borne solar payloads, and balloons. During
the flights of these payloads the XRP has been used in modes to support the science
objectives of the experiment. We have also strongly supported any ground-based
campaigns or those of other SMM instruments. This has often required the expen-
diture of much extra time in planning and operations work, but we feel that it has
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1.4 STATISTICS

produced excellent data. We hope to continue in this role whenever the opportunity
arises. Some examples of this are given below:

e Coordination with other SMM experiment teams. We have been us-
ing the UVSP bright point to identify the footpoints of loops and thus obtain
electron density diagnostics and dynamics lower in the solar atmosphere. This
has enabled us to initiate the sequence earlier in the flare when coronal condi-
tions are at their extremes. We have had the highly-successful Coronal Mass
Ejection Observing program with the C/P instrument to observe coronal mass
ejections simultaneously in soft X-rays and white light. A number of high time
resolution modes have been developed in conjunction with the HXRBS team.
We continue to share data with the HXIS team on coronal arches.

o Guest Investigator Collaborations. The XRP has had a large and vital
Guest Investigator program to date. The 1988 selection of GI’s has not yet
been announced, but we look forward to having an equally active program
in the years to come. The XRP team has supported over 30 different GI’s
(official and unofficial); some of their work will be discussed in §3, and the
numerous publications that they have contributed are listed in the Bibliography
(Appendix A). A particularly fine example of such collaborations was the
Coronal Magnetic Structures Observing Campaign (CoMStOC) which brought
together over 20 Guest Investigators, ground-based observers and rocket teams
to study magnetic fields in the corona.

s Rocket and Balloon Support. The XRP team has supported the launch
of several solar rocket payloads and balloons, providing them with target in-

formation before the flight and science support, when appropriate, during the
flight. Similar support was given for the SPACELAB Missions.

1.4 STATISTICS

The XRP experiment has taken full advantage of the opportunity provided by
SMRM. During the 1980 SMM operations, which occurred just after the peak of the
solar cycle there were 186 M and X class flares, of which the BCS observed only 33,
and the FCS saw an even smaller proportion in a useful observing mode (e.g., only
two while scanning the wavelength drive). Since the SMRM there has been a much
lower rate of such events (150 in 4 years compared to 186 in 1980) but because there
has often been only one target at a time we have observed them with far higher
efficiency, seeing a total of 90 M and X flares with the BCS. The BCS observed 8 of
its 10 biggest events since the SMRM, including some ~-ray flares (never observed in
conjunction with the GRS during 1980) and some events in collaboration with the
C/P instrument. The FCS has observed about 20 such large flares while running
the wavelength drive. Hence, the probability of observing large flares by the SMM

1-7
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Figure 1-5. M- and X-level Flares observed by SMM.

pointed instruments during this solar minimum is comparable to during the last
solar maximum.

Figure 1-5 illustrates the number of big flares that have occurred during SMM’s
operational lifetime. While they tend to follow the solar cycle in numbers it is impor-
tant to note that they do not completely disappear during solar minimum. However,
the proportion of flares observed by the XRP has shown a marked increase (from
< 20% to > 50%). This is due to several factors: (i) there were fewer regions that
could produce flares (often only one on the visible disk at a time compared to over
ten regions at the maximum) so we missed fewer flares by being on the wrong re-
gion; (ii) the activity came in short bursts often separated by several months which
gave us time to prepare for the next one during the lull (spacecraft and instru-
ment calibrations, alignments, sequence testing, etc.); and (iii) the spacecraft and
instruments had fewer technical problems which gave us longer effective observing
times.

Although operations and planning have taken a major proportion of our time
the XRP team and associated Guest Investigators have maintained a good publica-
tions record over the years (Figure 1-6). Over 300 publications and presentations
have been made (or are submitted) since the launch of SMM, and a majority of
these since the SMRM. Nearly half of these are refereed papers.

1-8




1.5 CONCLUSIONS
XRP PUBLICATIONS & PRESENTATIONS
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Figure 1-6. XRP Publication Record. The total number of articles and
presentations is nearly 300 over the eight years of the mission (122 of which
are refereed journal papers). Additional papers are in preparation or have
been submitted.

1.5 CONCLUSIONS

Although the XRP has many interesting and potentially important future ob-
servations to make, it has managed to build up superb data sets on a number of
coronal features; these will prove a useful resource to the whole solar community.
Our “open-door” policy has made this resource available to all who ask for it. This
policy has helped increase the level of interest in our data and initiated a number
of worthwhile projects. More remains to be done, especially in the comparison of
observations to theory, but even in this area progress is at long last being made.
The XRP team continues to encourage a healthy and well-funded SMM Guest In-
vestigator program.

There is a severe shortage of post-doctoral scientists trained in solar physics.
This has meant that it has been impossible to hire science or technical staff that
do not require extensive training. The XRP team has already trained three non-
solar scientists to be productive members of the XRP team and has trained a similar
number of technicians in satellite operations. We have also hired a US solar physicist
back from Europe. Thus, we feel that we have contributed significantly to bringing

1-9
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“new blood” into solar physics. This process must be continued if the US wishes to
continue to participate in solar studies in the coming-years. Our high school work
experience program has trained about 20 senior students in the last 4 years; many
of these students have gone to take scientific majors at college. We believe this has
been a very worth-while investment in the future of science as a whole and the US
space program in particular.

The XRP team plans to continue the support of general solar objectives and
the dissemination of the new XRP observations by whatever means possible. We
have sponsored a recent workshop on flares and are hoping to have a follow-up
session next year. We publish a quarterly newsletter and mail out précis of SMM
papers under the title of “Science Briefings.” Six issues have been mailed out in the
last year, with four more in the draft stage. We continue to support other meetings
(e.g., AAS, AGU and COSPAR) with presentations of our data. We also have a
good record of publishing our results since the SMRM as discussed in §1.4.

We have learned how to be more efficient in operating the XRP since the SMRM
and have reached levels of automation and sophistication that were undreamed of
when the SMM was launched. Our engineering team is one of the most experienced
in managing complex flight instruments and will be a valuable resource to the
space program when scientific instruments of similar complexity become operational
following the resumption of regular NASA launches. We believe that these years of
observing the Sun have prepared us to take best advantage of the increase in solar
activity that will occur during the rise of cycle 22. The XRP team looks forward
to this challenge.

1-10




2. OPERATIONS

The X-Ray Polychromator (XRP) on the Solar Maximum Mission (SMM) is
comprised of two spectrometers: the Bent Crystal Spectrometer (BCS) and the
Flat Crystal Spectrometer (FCS). Section 2.1 describes the current status of the
XRP. A description of the operations (i.e., planning, command generation, data
processing, cataloguing and engineering software) performed at the Experimenters’
Operations Facility (EOF) in Building 7 of Goddard Space Flight Center (GSFC)
is contained in §2.2. Additional figures relevant to the instrument characteristics
and status are given in §2.3.

2.1 STATUS OF FCS AND BCS

The BCS and the FCS are both micro-computer controlled instruments. There-
fore, they are capable of being programmed to execute a great variety of observing
sequences. General categories of the BCS and FCS sequences are given below.
Figure 2-1 shows on and off periods for the BCS and the FCS detectors.

2.1.1 BCS Sequences

Commonly used sequences for the BCS are:

1. All Bins. Normal Time Resolution ~ This sequence collects data from all oper-
ating BCS detectors at the natural time resolution of 7.65 s. This is the most
often used BCS sequence.

2. All Bins. High Time Resolution — This sequence collects data from all operat-
ing BCS detectors at twice the natural time resolution (i.e. 3.8 s). This is used
as a flare response and can collect up to seven minutes of high time resolution
data.

3. No Redundancy Sequence. Normal Time Resolution — The BCS detectors con-
tain redundant coverage of some wavelengths (albeit at different spectral reso-

lution). This sequence eliminates the high resolution coverage to obtain higher
time resolution (4.3 s).

4. No Redundancy Sequence. High Time Resolution — This sequence is the flare
response to the above sequence. This sequence collects up to seven minutes of

2.2 s time resolution data with no redundant spectral coverage.

5. Detectors 1 and 7. Grouped Bins, High Time Resolution — This sequence col-
lects data for detectors 1 and 7 for up to seven minutes of 0.5 s time resolution.

Limited spectral coverage for detector 7 is used. This sequence is normally
used as a flare response sequence.

2-1
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Figure 2-1. The dates when the BCS and FCS detectors were turned on
and off. -

6. Grouped Bins, Ultra-High Time Resolution — This sequence collects data for
all operational BCS detectors with a time resolution of 128 ms. Spectral reso-
lution is sacrificed in order to obtain this time resolution.

2.1.2 FCS Sequences

Some of the FCS observing sequences used can be categorized as follows:

1. Standard Rastering Sequences — These are the most commonly used sequences.
Typical rastering sequences execute in the following ways: i) Raster continu-
ously at a fixed size for the duration of an orbit day; ii) Raster to find an X-ray
bright point and then take data at the bright point for the remainder of the
orbit; iii) Raster to find a bright point and continue rastering around the bright
point for the duration of the orbit; and iv) Raster continuously during orbital
night for raster lubrication.

2. Survey Sequences — Surveys are similar to standard rastering sequences but re-
quire time synchronization with spacecraft repointing commands. Three main
types of survey sequences are: i) Active region surveys — used for planning
purposes when there is more than one active region on the disk; ii) East limb
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2.1 STATUS OF FCS AND BCS

surveys — used for planning purposes as well; the idea is to try to observe coro-
nal structures above the limb before an active region rotates onto the disk; and
iii) Diachronic surveys — a series of spacecraft repointings and rolls are used
to obtain coronal X-ray data above the limb for one complete solar rotation.

3. Startup Sequences ~ These sequences are normally run during each orbital
day. Primarily two types of sequences are used. In one sequence, data is
continuously taken until a BCS Flare Flag is received. In the other sequence
continuous rastering is done until a flare flag is received. At this point a new
rastering or crystal scanning sequence is started.

4. Crystal Scanning Sequences — The FCS Crystal Drive is considered a limited-
life resource. Therefore crystal scans occur only in cases where the probability
of valuable scientific return is judged to be high by the XRP Science Staff at
the EOF. Several types of FCS crystal scans are: i) Active region spectral data
collection; this is initiated on a pre-programmed basis when the Science Staff
believes that the X-ray emission from the region is sufficient to warrant the use
of the crystal drive; ii) Flare spectral data collection sequences; these are run
automatically in response of the BCS flare flag; and iii) Spectra at different
lines, e.g. Home, Fe XVII, etc.

2.1.3 BCS Detectors

BCS detectors 1, 3, 4, 5, 6, and 7 are all operating normally. BCS detectors
2 and 8 failed during the SMM I mission. Since early 1986, the BCS detectors are
being turned off during orbital nights in an effort to preserve the lifetime of the
detectors. Sample spectra obtained from the operational BCS detectors are shown
in Figure 2-15.

BCS Position and PHA (Pulse Height Analyzer) calibrations are done regularly.
These calibrations are performed in alternate weeks. BCS PHA calibrations have
shown no significant change other than the expected decrease in count rates caused
by the decay of the radioactive calibration sources. Sample BCS PHA calibrations
and a time history of these calibrations are given in Figures 2-16, 2-17 and 2-18.
BCS position calibrations have shown spreading of the BCS calibration lines. This
has been caused by the accumulation of carbon on the anode, thus changing its
resistance. Calibration lines in BCS detectors 1 and 7 were lost in 1986. Because
of this loss, the BCS position calibration database has been expanded to include
the position of several resonance lines during the flare decays. This allows us to
maintain calibration capability for the detectors. Position calibration time history
and sample position calibration plots are shown in Figures 2-19, 2-20, 2-21, and
2-22. One problem with using resonance lines is that the BCS spectra may be
shifted depending on where the flare occurred in the BCS field of view. Figure 2-2
shows this bin shift due to the emission offset with respect to the BCS field of view
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for Channel 1 (Ca XIX). Work is currently underway to normalize the calibration
database for this anomaly.
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Figure 2-2. BCS bin shift due to emission offset within the BCS field of

view.

2.1.4 FCS Detectors

FCS detectors 1, 3, 4, 5 and 7 are currently operational and continue to function
normally. FCS detector 6 (Ca XIX) showed strong signs of impending failure toward
the end of SMM 1. A special set of tests performed in June 1983 showed that this
detector had indeed ceased to function in a useful manner. FCS detector 2 (Ne IX)
became useless in February 1985 after accidental turn on. It was decided to seal
detector 2 by firing the pyro when the gas leakage rate increased substantially. The
pyro was fired on 18 July 1985.

Unlike the BCS, FCS detectors are not calibrated on a regular basis. This
is because the crystal drive has to be activated to expose the calibration sources
and the gas systems have to be on. Figure 2-23 contains sample FCS PHA cali-
brations. The FCS PHA calibrations have also not shown significant change other
than expected decrease in count rates.
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2.1.5 FCS White Light Alignment Sensors

The FCS contains five white light alignment sensors (one central detector, and
four limb detectors). These sensors are used to determine XRP alignment relative
to the spacecraft and to other instruments on SMM (primarily UVSP). The white
light sensors have shown a continuous degradation in their response, and early on
in the mission, there was fear that this would seriously compromise the ability to
determine absolute FCS pointing. Such has not been the case as the degradation
rate of the sensors has decreased significantly. The degradation of the sensors has
been inverse exponential. The degradation in the response of the five white light
alignment sensors is given in figures 2-24 and 2-25.

2.1.6 FCS Gas Systems

The FCS thin window detectors (detectors 1 - 4) contain propane which is
supplied from a pair of gas systems. Gas System A supplies the Mg XI and O VIII
detectors, whereas Gas System B supplies the Ne IX and Si XIII detectors. The
estimated remaining lifetime for System A is 85 days + 20 percent and for System
B is 90 days + 20 percent. These estimates assume (a) that the gas usage rates
after turn on will be unchanged from when they were turned off and (b) continuous
use until the supplies are exhausted. More realistic estimates of the gas lifetime
must take into account degradation as the result of cycling the gas systems. For
System A, the last few cycles have each resulted in increases of 5 to 15 percent in
the gas usage rate. System B has shown a much more severe cycling degradation
effect. The last time it was inflated, the gas usage rate increased 60 percent over
the rate prior to turn off. The previous cycling of System B caused a 40 percent
increase in the rate. Figure 2-3 shows the gas rates for the two systems. Because
of the limited lifetime of the two gas systems, the XRP team has had to institute
strict conservation measures for the gas reservoirs supplying the FCS low-energy
detectors. Recently, we have been turning off the gas flow during periods of low
solar activity except to support major collaborations such as CoMStOC (Coronal
Magnetic Structures Observing Campaign).

2.1.7 FCS Crystal Drive

The FCS crystal drive has been used to obtain more than 400 spectroscopic
scans since the SMM repair. The drive has also been used to obtain calibration and
engineering data a few times. All the data has been gathered with Drive B because
Drive A (the prime drive) suffered a failure during check-out testing following the
launch of SMM. Appendix B lists some of the data obtained using the crystal drive.

The large amount of crystal activity during April 1987 (50 runs) provided the
Instrument Operations Team (I0T) with a large data set useful for diagnostics. The
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Figure 2-3. Puff rates of FCS gas systems A and B.

most interesting feature of the crystal drive has been the discovery of a relationship
between the crystal drive address and the —15 volt bus voltage of the FCS. Figure
2-4 is a plot of the —15V bus voltage versus crystal address. The plot shows several
well defined features indicating different voltage requirements for different areas of
the drive. Figure 2-5 shows the four most well defined sub-ranges. These voltage
increases indicate that the drive has more difficulty maintaining these positions.

The sub-ranges which demonstrate the largest voltage fluctuations are those
associated with the heaviest crystal scan activity. This indicates mechanical or
electrical changes in the drive mechanism or encoding electronics rather than a
filament related problem (as experienced by Drive A). The address ranges with
the increased voltage requirements include the areas where the drive loses control
during movement between different scan ranges and during long flybacks. It is now
thought that these voltage irregularities are also responsible for the flyback misreads
long seen around the home position. The possibility exists that a fluctuation in the
bus voltage caused by the crystal drive causes a flicker in the drive lamp, in turn
causing the drive to temporarily read an incorrect address.

Most of the crystal drive problems have occurred during longer uncontrolled
movements of the drive. Therefore dividing the long movements into shorter seg-
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Figure 2-4. FCS crystal drive —15 V bus voltage and crystal address
relationship.

ments and using more micro commands to the drive have reduced uncontrolled drive
movements. The voltage/address plot is being used as a ‘road map’, i.e., the drive
can be moved in a normal fashion between the degraded regions and movement
through the affected regions requires either a fast scan or stopping above and below
the area.

In July 1987, tests were performed in an attempt to differentiate between pos-
sible causes for the relationship between the FCS —15 volt bus and the Crystal
Drive B address. The tests showed that changes in the voltage profile can occur in
as few as 80 scans. The tests also showed that the profile is asymmetric — most
likely a result of the asymmetric nature of the scan/flyback combination inherent in
FCS crystal motions, and that the voltage maxima occur near the extremes of the
integral scan ranges and a voltage minimum is formed toward the low end of the
scan range. The tests did not fully resolve the issue of condition reversibility. That
the voltage profiles showed observable changes after so few scans may be caused by
the build up of lubricant near the most actively used crystal addresses.

The crystal drive started having an increasing number of problems during ex-
tensive use in November and December 1987. Most of the problems were observed
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Figure 2-5. The —15 V bus voltage versus crystal address for four crystal
address subranges.

during flybacks. Therefore, the IOT has decided to use a strategy of controlled
scans to move the drive to the desired address. Controlled scans can be character-
ized as scans where the drive is never allowed to ‘fly’ to a new address more than
16 steps from the current position. During movements of 16 or fewer steps, the
drive electronics sets the maximum speed proportional to the number of steps of
the required movement.

The simplest way to avoid flybacks is to move the drive using spectroscopic
scans in forward or reverse direction as needed. To save time, it is possible to
selectively control the drive only during passages through the ‘rough spots’ by using
MSS (Multiple Spectroscopic Scan) modes. These restrictions do not seriously affect
scans carried out at a single raster position. When repeated scans of a wavelength
region are required, two modes — one for each scan direction - within a loop can
be used. If the starting position of the first mode is defined to be the same as the
end position of the second mode and vice versa, no uncontrolled motion will take
place during the scans. The analysis software is also not affected seriously as the
forward and reverse scans are each defined by their own theta ID’s which can be
used to extract all the data. Current sequences using this strategy have shown no
major problems.
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The situation is much more complicated for scans performed within rasters.
In this case, after completing the scan in one pixel, the drive will usually be far
(> 16 addresses) from the starting position. For the scan in the next pixel, it
will therefore ‘fly’ back to to the starting position with the possibility of loss of
control. This problem cannot be tackled without some modifications to the FCS
interpreter code. The modifications to the code can either be made in the section
which positions the crystal drive at the start of a scan or in the section which
performs the housekeeping at the end of a scan. The first option replaces flybacks
with controlled scans. Flybacks are effectively slowed down. The second option
eliminates flybacks altogether by setting the direction of the ‘next’ scan to be reverse
of the last completed scan. The two scans may either be carried out within the same
pixel or in alternate pixels. The data reduction software would need to be aware of
this mode of scanning. The simplest method may be to treat such scans as multiple
spectroscopic scans with different step sizes (+n and —n) and the start and stop
positions reversed. (The interpreter can not treat such scans as MSSR (Multiple
Spectroscopic Scans within Raster) modes because it has only one slot for the step
size for all the scans.) These modifications to the interpreter code only deal with
SSR modes. MSSR modes would require much larger changes.

The actual implementation of either of the above schemes can be made in such
a way that the option of bypassing them is preserved. One method would allocate
a group of sequence ID’s for controlled scans. The interpreter would branch to
the appropriate code depending on the ID of the executing sequence. The ground
software could also use the same convention to decide when to convert an SSR theta

list into an MSSR list.

The operations staff has begun rewriting crystal sequences incorporating neg-
ative spectroscopic scans. For sequences requiring scans within a raster, a three
staged approach has been adopted. The first stage will allow us to do forward and
backward scans within the same pixel. This requires the simplest modification to
the interpreter code. The second stage will let us alternate forward and backward
scans in successive pixels. Finally, the third stage will implement multiple spec-
troscopic scans within a raster. Currently the operations staff is working towards
implementing the first stage.

2.1.8 FCS Raster Drive

The FCS raster system uses a pair of motor driven cams (one each for pitch and
yaw) to point the FCS collimator to a nominal accuracy of 5 arcseconds. The actual
position of the collimator is determined by the output of transducers that measure
the strain in each axis. The electronics system runs in an open loop manner, so
when a motor does not respond properly to a step command, the planned area of
observation slips in the field of view. There is a processing routine in the FCS
microprocessor that corrects the field of view to the nominal boresight on every
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orbit night. This was not the case during the original SMM mission and slips used
to build up until the field of view was reset to the nominal boresight.

There have been a few major episodes of raster slips. The most extensive
period of raster slips occurred during 1985. Extensive raster exercises performed
during this period did not reduce raster slips. Switching the raster cams to Y B and
Z A did not produce any results either. The problem was finally linked to rasters
larger than 5 arcminutes. Rastering exercises and discontinuation of rasters larger
than 5 arcminutes finally helped alleviate the problem. Since then there have been
three other periods of excessive raster slips. Raster exercises performed during these
times have alleviated the problem.

2.1.9 XRP Microprocessors

Both the BCS and FCS are controlled by separate RCA 1802 microprocessors.
Both processors accept commands from ground and/or the spacecraft, initiate ob-
serving modes and read science /housekeeping data. The BCS processor is primarily
a data formatter in that it does not control the hardware. The FCS processor can
command the FCS mechanisms but performs minimal data formatting. Since the
SMM repair, both microprocessors have continued to work well. The BCS micro-
processor has had a tendency to crash occasionally. These crashes have usually
occurred during periods of increased crystal drive activity.

No changes have been made to the BCS flight software since repair, but several
modifications to the FCS flight software have been made. These changes were made
primarily to take advantage of telemetry which became free as two of the detectors
failed. Other changes were made necessary due to modifications in the operating
procedures. Another set of changes was made to change the default values of some
parameters. All the changes are described below:

1. PHA Data (21 Feb 85) — This patch switched output of PHA data from FCS
subcom to the channel 6 telemetry. Before this patch, PHA data overwrote
DTE (Data Total Events), white light and mode information data. Normally
this is not a problem as PHA data was only obtained from the calibration source
during orbital nights. However as PHA data can provide an independent means
of calculating background, it is useful to obtain a PHA spectrum of the solar
X-rays.

2. Default Sequence (11 Mav 85) — The default sequence was modified to turn

off the bright point seek function and BCS flare flag response. The default
sequence is always run at the beginning of spacecraft night; this change pre-
vented initiation of flare or bright point sequences, when these flags had been
set during previous orbits.

3. UVSP Coordinates (17 Oct 85) — This patch outputs UVSP bright point coor-
dinates (received with the flare flag) in channel 2 DTE slots in the FCS subcom

2-10



2.1 STATUS OF FCS AND BCS

words. These slots became available when detector 2 became useless earlier in
the year.

4. Flare Coordinates (6 Dec 85) ~ An error in assigning flare flag coordinates to
XRP Y (NS) and Z (EW) coordinates necessitated this patch.

5. Sun Sensor Data (7 Mar 86) — After the failure of detector # 2, data from Sun
sensor # 5 were switched to channel 2 telemetry. This allowed more frequent
sampling and freed up space in the subcom fields for output from the other
Sun sensors.

6. Raster Drive Offset (1 Apr 88) ~ A bug in the FCS interpreter code did not

allow the raster drive to be offset 1 unit in the positive or negative Z direction
depending upon the selected Z cam. This patch corrected that problem.

In addition to the above, temporary patches have been made to change the
default crystal turnoff address and the default memory dump area.

2.1.10 SMM Flare Flag

The SMM On-Board Computer (OBC) has the capability of sending a flare alert
to the FCS and UVSP instruments based on flare detection by the BCS. The OBC
flare flag processor checks BCS flare level every second. If a specified flare threshold
is exceeded, it reads the coordinates of the brightest (or the darkest, depending
upon UVSP mode) pixel in UVSP image, converts them to XRP coordinates and
passes them to the FCS. The OBC flare processor can also initiate one of three XRP
RTS’s (Relative Time Sequences). Two of these (24 and 25) RTS’s are initiated if
the corresponding enabling bits are set in the FCS telemetry. The third RTS (47) is
initiated if the ‘Super’ flare threshold is exceeded. The flare thresholds, acceptable
area and period for which the flare flag processor is enabled (it is usually left enabled
for an indefinite period) can all be changed by modifying an OBC table.

After the SMM repair the OBC flare processor had to be modified substantially
as HXIS (Hard X-Ray Imaging Spectrometer) flare coordinates were no longer avail-
able. However flare flag testing was delayed for a long time because it was not being
delivered reliably to FCS even when FCS, UVSP and the OBC were in the correct
modes. Eventually it was discovered that a bug in the CMS (Command Manage-
ment System) software meant that negative coordinates were not being accepted
correctly — the most significant bit was always reset to zero. Thus the field-of-view
specification was always much smaller than intended and correspondingly fewer
flares were meeting the flare alert criteria. Although this bug was the major cause
of delay, other factors also delayed the final implementation. Other factors con-
tributing to the delay were changes in operating method, i.e. initiation of different
RTS’s, and inclusion of a check of crystal drive simmer voltage prior to actual turn
on (this modification was subsequently removed as it delayed start of crystal se-
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quences by up to 16 s). In November 1986, the ‘Super’ flare code was modified to
initiate RTS 47 instead of sending commands to FCS to initiate a specific sequence.

2.1.11 Alignment Activities

Co-alignment of the XRP and the UVSP instruments is performed whenever
a sunspot is visible in the field of view of both the instruments. The co-alignments
help the operations staff in spacecraft pointing. The scientists also use the co-
alignment offsets in overlaying the XRP and the UVSP data. XRP offsets relative
to UVSP are plotted in Figure 2-6. Since the middle of 1987, co-alignments are

done in such a manner that the sunspot is in the center of the XRP field of view.

This has been accomplished by having UVSP transfer the sunspot coordinates to
XRP. On a few occasions when the XRP offsets relative to UVSP have become
very large, the UVSP Co-alignment Adjustment System (CAS) has been moved to

reduce the large offsets.
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Figure 2-6. XRP/UVSP co-alignment offsets.

Co-alignments between XRP and the spacecraft have also been done at regular
intervals. Figure 2-7 shows the XRP offsets relative to the spacecraft. Large XRP
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Figure 2-7. XRP/Spacecraft co-alignment offsets.

offsets relative to the spacecraft have been reduced several times by redefining the
spacecraft boresight.

2.2 PLANNING AND EVALUATION

2.2.1 IOT Structure

The XRP Instrument Operations Team (IOT) was established as an indepen-
dent structure from the XRP Scientific Team prior to the repair of SMM in order
to balance the needs of smooth and safe operation of the instrument with the dy-
namic and often conflicting demands of the scientists. Since April 1984, the IOT
has consisted of an IOT manager, a command generator, an instrument engineer,
and a data analyst. The XRP Planner serves as liaison between the IOT and the
scientific team.

From April 1984 until October 1986 the duties of planner were shared by repre-
sentatives from the three institutions which jointly operate XRP: Lockheed, RAL,
and MSSL. A representative from each institution would serve for one month out of
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three. Beginning in October 1986, a permanent position was created for the XRP
planner, which was filled by Lockheed.

2.2.2 Planning Observations and Command Generation

The ‘XRP Planner’ has the responsibility of planning and executing the ob-
servations of the XRP instruments. The cycle of planning involves several phases.
There is an SMM planning meeting each morning presided over by the solar fore-
caster for that day, who presents GOES soft X-ray, H-alpha, magnetogram, 10
centimeter radio, and other data to summarize the state of the sun. This data is
supplemented by data from the SMM instruments taken in the previous 24 hours.
On the basis of the data and the particular goals of the various instruments, tar-
gets of observation are selected for the following day. When collaborations with
other observatories, such as VLA, rocket instruments, or balloon instruments, are
involved, the observations must be properly coordinated. Following the morning
planning meeting, the day’s schedule of XRP observations is entered into a VAX
8350 computer via a spreadsheet program. This is a high level representation of
the set of instructions to be executed by the SMM OBC and the XRP’s two micro-
processors in order to carry out the days observations. The high level schedule is
automatically converted into an intermediate level set of instructions by the “com-
mand generation software.” It is then transferred to another computer where it
is merged with the daily instruction loads of the other instruments as well as the
general spacecraft commands.

It is the combination of the state of the sun, the state of the XRP instruments,
and the current scientific goals for XRP that determine the observations to be done
on a given day. When a new observation is requested by participating scientists or
in order to fulfill a collaboration request, the planner and the scientists agree on the
mode of operation of the XRP instruments which will best satisfy the observational
goals. The sequence of commands for the FCS and/or BCS microprocessors must
then be composed, generated, and loaded into the appropriate microprocessor. Once
loaded, the sequence can be run as a subroutine in the daily instruction load. It
may be necessary for the sequence to be tested one or more times to insure that it is
performing as expected. Also, the effectiveness of the sequence is assessed following
its execution in practice, and revisions are made where necessary.

At most times there are several concurrent observational programs being re-
quested by various scientists. Which program is executed on a given day depends
on the state of the sun. It is one of the planner’s responsibilities to balance these
competing requests and optimize the usefulness of the XRP instruments.

The planner is kept aware of the health of the instruments by the Instru-
ment Operations Staff. The planner must continually assess instrument health and
lifetime concerns where these affect the achievement of scientific goals and the per-
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formance of observational sequences.
2.2.3 Streamlining and Automation of Command Generation Process

The primary purpose of the command generation process is to codify XRP
observing plans in the form of parameter lists. These lists contain commands for
the FCS “interpreter” and tables to specify FCS raster and crystal drive motions
and describe how data from each channel are to be grouped into a number of ‘bins’
for the BCS. The command generation software allows creation and modification
of all the lists mentioned above. In addition the software facilitates (i) Generation
of Relative Time Sequences (RTS’s) used by the SMM On Board Computer to
command the XRP instruments; (ii) Update of the observing modes databases; and
(iii) Transfer of load files to SMM control center for uplinking. Since the repair,
the process has gradually been automated, providing the user with a menu driven
command file. The command file allows access to all facilities and does not require
detailed knowledge of the programs and files used by the system.

2.2.4 Data Processing

Data gathered at the EOF is for quick-look evaluation and analysis. The final
data product is the set of production tapes sent by the IPD to the three XRP
home institutions and the EOF. Each IPD tape contains data for a period of
about 24 hours. The IPD tapes are processed at the EOF and four listings are
produced as a result of the processing. Information about what sequences were run
by the instruments and the status of the instruments are included in the TPSTAT
listing. A listing of the raster drive status and anomalies is included in the RASDAT
listing. Light curves for the period are also produced. The light curves show the
photon counts registered by each detector and the status of each detector. South
Atlantic Anomaly periods and day/night events are also shown on the light curves.
A listing of all data gaps on the production tapes is produced. Hard copies of these
listings are kept on file. Copies of light curves and backups of the other listings are
sent to Rutherford Appleton Laboratory and Mullard Space Science Laboratory in
England.

2.2.5 Cataloguing

The XRP Flare Catalogue is the final repository of all summary information on
various flare events observed by the XRP. Each event in the listing is identified using
a unique event number. The XRP Event Listing includes soft X-ray flares detected
by the BCS instrument since the calendar year 1984 for which the intensity is > 18
counts per second in Ca XIX. The peak count rate in Ca XIX and Fe XXV are
given along with the number of peaks in an event and FCS status at the peak time.
For each such event: the “Start Time”, “Peak Time” and “Stop Time” are also
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given. The “Start Time” occurs when the BCS Ca XIX count rate rises above 18
counts per second and the “Stop Time” occurs when the event decays back to that
level. However, some event times are determined by orbital sunrise or sunset, where
the flare starts before satellite day or is prematurely ended by satellite night. If the
event has its “Peak Time” during orbital night or SAA, the catalogue indicates the
maximum level observed during satellite day. The crystal drive “ON” indicates that
a FCS Crystal Spectral Scan was made. An XRP quality code is also associated
with each event catalogued in the XRP Flare Catalogue. The XRP quality code

represents one of the following cases:

— Entire event observed

— Only start of event observed

- Start and peak of event observed

— Peak and decay of event observed

— Only decay of event observed

— Only rise and decay of event observed (e.g., peak lost due to radiation
belts)

- No data or bad data

No event observed (Typically shown as no listing)

Cataloguing the events is a two stage process. Stage 1 is the creation of a
Single Event File (SEF) which contains the available information on a particular
event observed by XRP. This file is created programmatically. However these files
can be edited so that additional information (e.g. Emission Measure, comments)
can be manually inserted. Stage 2 reads in one or more SEF’s, generates a single
record from all the records in a SEF and writes this record out to the Master Event
File (MEF). When a SEF has been processed it is deleted. If new information
about an event becomes available the entry for that event can be extracted from
the MEF in the form of a SEF. Stages 1 and 2 are then repeated to update the
MEF.

The Master Event File is an unformatted indexed file containing all the cat-
alogued information on flares observed by XRP. All records are divided into two
sections. The first section contains event data while the second is available for
entering comments. Table 2-1 lists the information stored for each event in the
MEF.

The catalogue management program accesses the MEF. The program can be
run interactively or in batch mode and allows the user to add, delete, update, and
extract single events. The program also allows the user to encode data in the MEF
record format or decode data from a MEF record format. Another program is used
to make a summary listing of the the Master Event File. This program lists any
events within a specified time period. The program can also list events of a certain
type or those meeting some specified criterion.
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2.2 PLANNING AND EVALUATION

Table 2-1: CONTENT OF XRP FLARE CATALOGUE

Event Number Event Start time

BCS Event End time BCS Peak Ca Counts/sec I
BCS Peak Ca time I BCS Peak Ca Counts/sec II
BCS Peak Ca time II BCS Peak Ca Counts/sec III
BCS Peak Ca time III BCS Peak Fe Counts/sec I
BCS Peak Fe time I BCS Peak Fe Counts/sec II
BCS Peak Fe time II BCS Peak Fe Counts/sec III
BCS Peak Fe time III FCS Raster Id.

BCS Data Gathering Interval FCS Detector 1 Peak time
FCS Detector 1 Peak Counts/sec FCS Detector-2 Peak Time
FCS Detector 2 Peak Counts/sec FCS Detector 3 Peak Time
FCS Detector 3 Peak Counts/sec FCS Detector 4 Peak Time
FCS Detector 4 Peak Counts/sec FCS Detector 5 Peak Time
FCS Detector 5 Peak Counts/sec FCS Detector 7 Peak Time
FCS Detector 7 Peak Counts/sec Crystal Scan End Address
Crystal Scan Start Address BCS Detectors On/Off Status
HXRBS Event Number Gain of Detector FCS 1
BCS Data Quality Gain of Detector FCS 3
Gain of Detector FCS 2 Gain of Detector FCS 5
Gain of Detector FCS 4 Gain of Detector FCS 7
Gain of Detector FCS 6 FCS Crystal Mode

Crystal Drive On/Off Status Spacecraft Roll Angle

FCS Detectors On/Off Status Spacecraft Yaw Angle
Spacecraft Pitch Angle Solar Longitude

Solar Latitude FCS Sequence 1 Id.

Active Region Number FCS Sequence 2 Id.

FCS Sequence 1 Time FCS Sequence 3 Id.

FCS Sequence 2 Time FCS Sequence 4 Id.

FCS Sequence 3 Time FCS Sequence 5 1d.

FCS Sequence 4 Time Last Revision Date

FCS Sequence 5 Time Number of Y steps

FCS Raster Information Number of Z steps

Y step size/5” Number of Pixels

Z step size/5” BCS Comments

Dwell per Pixel FCS Comments

(multiple of 0.256 seconds)
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XRP FINAL REPORT — 2. OPERATIONS

2.2.6 Operations: Evaluation Process

The evaluation process involves the following activities: (i) Checking instru-
ment health and status, (ii) Comparison of the observing plan with the observing
sequences actually carried out, (iii) Extraction and processing of calibration data
and (iv) extr